The performance of the tractor-seeder can be influenced by factors related to the seeder, as loads and crop. The aim of the present study was to evaluate the performance of tractor-seeder at sowing in the corn crop in function of the fertilizer systems (at presowing and at sowing) and those intercropping of crops (corn + bean-Stizolobium deeringianum, corn + bean-Cajanus cajan and corn + bean-Dolichos lab lab). The experiment was carried out at FCAV-UNESP with totally randomized delineation, on factorial scheme (2x3) with four repetitions. The use of fertilization during the pre-sowing resulted in greater displacement speed and effective field capacity in the corn sowing operation, without changing the distribution of corn seeds; however, it demanded more power and volumetric and weight hourly consumption of the tractor fuel.
INTRODUCTION
The adoption of No-tillage Systems (NTS) is essential for the sustainability of various agricultural activities. It involves reduction of soil rotation, crops rotation and maintenance of adequate amount of vegetation covering the soil, aiming at soil conservation and profitability. The different conditions imposed by soil preparation influences the performance of agricultural mach ines and implements, which have to adapt to promote high operational capacity (Chioderoli et al., 2010) .The sowing-fertilization operations are fundamental for the establishment of annual grain-producing crops. In NTS, due to the minimal t illing and maintenance of the vegetation cover on the soil surface, there is usually an increase in soil resistance to penetration and, consequently, greater difficulties during the seed and fertilizer deposition process than those verified in conventional preparation, especially in those where there is intense soil mobilizat ion, and greater care is required in relat ion to the operational and management conditions of the cover (Trogello et al., 2013a; Trogello et al., 2013b) .
The performance of the tractor-seeder set in intercropping of crops (crotalaria+guandu and mucuna+guandu) remained constant when evaluating the actual speed of displacement and field capacity, obtaining, respectively, 6.4 and 6.3 km h -1 , and 3.0 ha h -1 (Reis et al., 2007) .
However, according to Ch ioderoli et al. (2012) , when evaluating the operational performance of the tractor-seeder set in the soybean crop on corn straw intercropped with two forage species (Urochloa brizantha and Urochloa ruzizienses), verified greater slippage on the front wheel of the tractor (20.3%) in the cultivation system (Urochloa in the interline of the corn sown together with the cover fertilizer in the V4 stage) -MBC, attributing this result to the largest quantity of straw produced in this system in co mparison to the intercropped corn -C, as well as to the dynamic distribution of the weight of the tractor (40% front axle and 60% rear axle), which, coupled with the type of tire, may have altered the front wheel drive, increasing slippage. They also observed that the traction force and the average power in the drawbar rod presented lower values in C (20.7 kN and 20.3 kW) and corn with Urochloa in the corn sowing line, mixed with base manure and deposited at 0.10 m -M BL (20.3 kN and 20.1 kW) when compared to MBC (26.0 kN and 25.3 kW), suggesting that in areas with higher amounts of straw the energy demand of the tractor-seeder set is larger.
The choice of a cropping system depends on a set of factors, considering the specificities of the region, the climatic conditions, the soil type, as well as issues related to the economic and cultural scope. Due to the benefits of NTS for soil conservation, there is a tendency in the expansion of its adoption in Brazil, however, information on the effects of its adoption in conjunction with systems of fert ilization and intercropping with crops should be expanded, contributing for the sustainability of agricultural activity. In addition, the knowledge of the performance of mach ines in function of these factors can represent important informat ion aiming to subsidize the selection of agricultural systems that increase the capacity of the mach ines and reduce the energy expenditure at sowing operations (Furlani et al., 2004) and soil preparation (Ch ioderoli et al., 2010) .
Another factor that must be evaluated at sowing is the uniformity of seed distribution, wh ich is obtained by the correct regulation of the tractor-seeder and suitability, and it has been reported as one of the ways to increase the productivity of certain crops, among which corn stands out as the most representative (Weirich Neto et al., 2015) . However, operational factors, such as distribution error, seed deposition and seed depth done by the seeder can be influenced by the speed of corn sowing, damaging the initial stand and establishment of plants in the crop (Vian et al., 2016) . The speed directly affects the uniformity of longitudinal distribution of seeds, which is essential for an adequate plant density and, consequently, to improve crop productivity (Santos et al., 2011; Sangoi et al., 2012) .
Although studies show that the performance of mach ines may not be related to intercropping systems (Reis et al., 2007) , but with other factors such as soil preparation (Furlani et al., 2004 , Ch ioderoli et al., 2010 and management of the cover (Reis et al., 2007) , it is necessary to search the establishment of the corn crop, for each cultivar and in the different conditions of soil management, intercropping and fertilizat ion. For this reason, the aim of this study was to evaluate the performance of the tractor-seeder set in the NTS, in function of the fertilizat ion systems (pre-sowing and at sowing) and with corn intercropping (bean-Stizolobium deeringianum, bean-Cajanus cajan and bean-Dolichos lab lab).
MATERIAL AND MET HODS
The experiment was conducted in an experimental area of UNESP, Jaboticabal, São Paulo, located in the geodesic coordinates: latitude 21º14'S and longitude 48º16'W, with average altitude of 559 m, average slope of 4%, in an area of approximately 1.5 ha. The climate according to the Köeppen classification is Aw, subtropical humid, with drought in the winter. The soil of the experimental area was the typical eutrophic Red Latosol, A moderate, clayey texture and smooth undulated relief.
The experimental area was fallo w in 1999 and 2000, in the first year and part of the second year, with infestation of weeds such as Panicum maximum Jacq. and Cynodon dactylon (L.) Pers. In the field, the weeds were managed with mo wer, and later, the conventional soil preparation with heavy harrow and two light harrows at the end of 2000.Then, the crops were used in the summer harvest in succession such as soybean and corn, and in the winter, crops for rotation such as millet, gray mucuna, crotalaria, sorghum, triticale and oats, until the implantation of this experiment, in a no-tillage system, with beginning in the 2006/2007 harvest.
A randomized co mplete b lock design was used in the 2 x 3 factorial scheme, with four replicat ions, two fertilizer application systems (pre-sowing and at sowing) and three intercropping (corn + bean-Stizolobium deeringianum, corn + bean-Cajanus cajan and corn + bean-Dolichos lab lab). Each experimental p lot occupied an area of 300 m 2 (25 x 12 m) and, between plots, in the longitudinal direction, a space of 15 m was reserved for maneuvering, machine traffic and stabilization of the sets. A Valtra BM 100 tractor, BM-100 model, 4x2 FWD, with power of 73.6 kW (100 hp) in the engine was used as traction source. It had a mass of 5,400 kg (40% front and 60% rear), front tires of 14.9 -24 R1 with 3.8 m perimeter and inflation pressure of 18 psi (124 kPa), and rear tires of 23.1 -26 R1 with 4.9 m perimeter and inflation pressure of 22 psi (152 kPa). The precision seed drill used was from Marchesan, Cop Supreme model, with seven spacing lines spaced in 0.45 m, equipped with a straw cutting disk for 18" (45.7 cm), a furrow rod with the following characteristics: 2.7 diameter of t ip, 1.0 cm of rod thickness, distance of the cutting disc to the rod of 12 cm, relation between the height and the length of the tip (H/ L) of 1.06 and attack angle of 20°, mis matched double disc of 15"(38.1 cm) for deposition of the seed, and a pneumatic distributor. The fert ilizer deposit has a capacity of 1,310 kg and the seed of 200 kg, and the tractor-seeder has 2,070 kg, working with 655 kg of fertilizer in the sowing operation.
The application of the fertilizer in pre-sowing was carried out 46 days before the deposition of the corn seeds. At the time of sowing, in the treat ment with advance fertilization, only the seeds were deposited, the fertilizer mechanis m (furro w rod) is removed fro m the seeder, allo wing the increase of the speed of the tractor-seeder to 6.6 km h -1 because it does not have one of the furrows components. For the application of fert ilizer along with the sowing, the seeder was used with all the opening and fin ishing mechanisms of soil -cutting disc, furrow rod for fertilizer, double disk for seed and compacting wheels, resulting in the speed of 4.7 km h -1 , the fertilizer being distributed only in the row of corn sowing. In both fertilization operations (pre-sowing and at sowing), the rotation of the tractor's engine was 2,000 rp m.
At sowing, the intercropping was sown interspaced with a spacing of 0.45 m of corn, and the spacing of the corn rows was 90 cm. The treat ments consisted of plants intercropped with corn (corn + bean-Stizolobium deeringianum, corn + bean-Cajanus cajan and corn + bean-Dolichos lab lab) and were obtained at the time of sowing, they were sown with a double disc at seven centimeters of depth, while the corn was sown at three centimeters, to obtain delay in the emergence of intercropping and better development of the corn.
The interspaced crops used to form the intercropping were: Ca janus cajan, habit of indeterminate shrub growth, with sowing at a density of 9 seeds per meter and final population of 103,500 p lants per hectare; Stizolobium deeringianum Bort., an indeterminate growth habit, with sowing at a density of 12 seeds per meter and final population of 31,900 plants per hectare, and seeds of Dolichos lab lab with climb ing habit, sowing at density of 9 seeds per meter and final population of 90,900 plants per hectare. The corn was sown with 6 seeds per meter of the simp le hybrid DKB390 and resulted in a final population of 65,980 p lants per hectare.
The performance evaluation of the motorized set occurred during the corn and the intercropping sowing. Thus, a Campbell Scientific Datalogger CR23X data acquisition system was us ed to continuously store and record the signals generated by the transducers installed in the motorized set. To measure the force on the tractor drawbar, the M. SHIMIZU load cell, TF400 model, with a sensitivity of 2.156 mV V -1 , coupled between the tractor and the seeder, was used, as described by Silveira et al. (2013) . The peak force was determined taking into account the higher value collected during the work in the plot.
The average power in the drawbar was determined by [eq. (1)]. The peak power was obtained by calculating the highest value of the tractive force on the drawbar.
(1)
That, PD -Power in the drawbar (kW); TF -Average tractive force on the drawbar (N); S -Actual displacement speed (m s -1 ),
1.000 -Constant of transformat ion.
To measure the instantaneous speed, a radar unit located on the right side of the tractor was used, RVS II type, with a slope of 45º in relation to the soil. The effective field capacity was calculated using [eq. (2)].
(2) That, Efc -Effective field capacity (ha -1 );
Aw -Average working width of the seeder (m); S -Actual travel speed (km h -1 ), 10 -Conversion factor for ha h -1 .
The energy consumption (EC) was obtained indirectly by [eq. (3)]. The peak energy consumption was obtained considering the highest power value obtained during the data collection in the plot.
(3) That, PD -Power in the drawbar (kW), Efc -Effective field capacity (ha h -1 ).
To measure fuel consumption, sensors and meters were used, automatically connected to the data acquisition system. Based on the volume consumed, the hourly volume, weighted, effective and specific consumption were determined using eqs (4), (5), (6) and (7), respectively. 
That,
Efc -Effective field capacity (ha h -1 ).
That, SFC -Specific fuel consumption (gkW h -1 );
WHc -Weight hourly fuel consumption (kg h -1 );
PT -Power (kW), 1,000 -Conversion factor.
In order to evaluate the slippage of the tractor's driving wheels, rotation sensors (pulse generators) were used by the manufacturer S & E Instrumento de Teses e Medições LTDA; model: GIDP-60-12V; power supply: 12 Vcc; and ratio of impulses/turn: 60, located in the center of each wheels, wh ich perform conversion of rotary movements in electrical pulses. The slippage was determined by the ratio between the number of pulses recorded for each wheel when traveling through the unloaded plot, and the number of pulses recorded for each wheel when traveling the plot with load using [eq. (8) The efficiency of the tractor-seeder in relat ion to the establishment was calculated in function of the amount of seeds distributed at sowing and the amount of seedlings emerged in the field, according to Portella et al. (1997) for corn and the crops used in the intercropping in two meters in the central part of the plot.
In the evaluation of the longitudinal distribution or uniformity of spacing between corn seedlings and crops for intercropping was measured using a one meter wooden batten with a metric tape (0.5 cm accuracy) glued, in which a cable was put, also of wood, forming an inverted "T". The readings were performed in the central row of each plot in two meters.
The percentage of normal, failures and double spacing was determined (Cortez et al., 2009 , Trogello et al., 2013a Trogello et al., 2013b; Melo et al., 2013; Weirich Neto et al., 2015; Arcoverde et al., 2016) , considering percentages of spacing: "double" (D): <0.5 times the Xref; "normal" (A): 0.5 <Xref <1.5, and "failures" (F):> 1.5 the Xref, where the expected average spacing (Xref.
The data were submitted to analysis of variance and when the value of the F test was significant at least 5% probability, the Tukey test was performed at 5% probability for the comparison of averages.
RES ULTS AND DISCUSS ION
The average traction force (TF) and the peak traction force in the drawbar (PTF) ( Table 1) did not change in function of the fertilization systems (F) and the intercropping (C), as well as in the interaction between both in the sowing operation. For the average power in the drawbar (PD) and peak power in the traction bar (PP) (Table 1), the fertilization systems influenced the result, while the intercropping and the interaction F versus C did not affect these variables. The PD, in pre -sowing fertilization, was 32.8% higher than fertilization at sowing. This fact can also be verified in PP, which was 29.3% higher with fertilization in pre-sowing, in relation to fertilization at sowing due to the difference in speed of treatments.
The TF can be affected by the active organs in contact with the soil, as well as by the depth of the work (Lopes et al., 2010; Palma et al., 2010; Francetto et al., 2015) . Studies have shown that when the depth of the furrow rod is increased, the tractive force requirement increases (Lopes et al., 2010; Palma et al., 2010 ) when working at lower speeds, the required force increases (Francetto et al., 2015) . However, in this experiment, even with the removal of the furrow rod fro m the fertilization system in pre-sowing, there was no decrease in TF. It is possible that the soil layer in which there was an action of the opening mechanism provided low mechanical resistance of the soil to the shear, which was also verified by Palma et al. (2010) who found an inverse relation between TF and soil compaction, especially when the furrow rod tip works in the more resistant layers, offering greater soil resistance to penetration. : not significant (P> 0.05); *: significant (P≤0,05); **: significant (P≤0,01); CV: coefficient of variation (%).
The coefficients of variation (CVs) obtained for the TF, PTF, PD and PP variables (Table 1) were lower than those verified by Ch ioderoli et al. (2010), who studied the operational performance of tractor-seeder in no-tillage and, using the same mach inery and area of this study, found CVs close to 23% for TF and PTF and 22% for PD and PP. Normally, data related to the soil present greater variations, since changes in structure, texture, and other components may change, influencing the coefficient of variation values. This was observed by Mahl et al. (2004) , who when evaluating the energy demand and seed distribution efficiency of a tractor-seeder for no-tillage of corn in a dystrophic Red Nitosol, observed CVs of 5.3 and 5.9%, respectively, for TF and PD, both in the no-tillage condition and at speeds of 4.4; 6.1 and 8.1 km h -1 , being classified as low.
The displacement speed for the sowing operation ( Table 2 ) resulted in the pre-sowing fertilization of 40.4% higher than that obtained during sowing with fertilizat ion. Consequently, the effective field capacity (Efc) was affected by the fertilization factor, since it is dependent on the speed of the tractor displacement. The intercropping and interaction did not affect the speed of the displacement and the Efc. Regard ing the displacement speed, the tractor gear affects directly it, and consequently obtains the highest Efc. : not significant (P> 0.05); *: significant (P≤0.05); **: significant (P≤0.01); CV: coefficient of variation (%).
The factors and interaction tested did not alter the average energy consumption (EC) and peak energy consumption (PEC) ( Table 2) . Chioderoli et al. (2012) observed the effect of different systems of intercropping with brachiaria on these variables, attributed to the quantity of straw.
The coefficient of variation (CV) data for the displacement speed and the effective field capacity (Table  2 ) are in agreement with Furlan i et al. (2004) who observed CV values close to 2% for Efc, since it derives fro m the power value in the drawbar that is influenced by soil attributes.
The variables time consumption (Vhc), effective consumption (Ec), weight consumption (WHc) and specific consumption (Sfc) were influenced only by fertilization systems (Table 3) . For Vhc and Whc, the presowing fertilization presented the highest consumption due to the power required in the drawbar, wh ich is a consequence of the greater speed of displacement. For Ec, the pre-sowing fertilization presented the lowest consumption (30.3%), due to the greater effective field capacity. As Ec is related to PD, the higher displacement speed of the set for the system with the pre-sowing fertilization and the lower speed for the fertilization system at sowing affected it. The values of the coefficient of variation (CVs) for fuel consumption (Table 3) were lo wer than those obtained by CHIODEROLLI et al. (2012) in a study conducted in the same experimental area and, us ing the same data acquisition system, and observed CVs higher than 20% when evaluating the effect of three tillage systems (conventional, no-tillage and reduced) and two spacing for corn crop (0.45 and 0.90 m).
The fuel consumption was influenced by the power in the drawbar, wh ich was affected by the speed of displacement (Salvador et al., 2009; Palma et al., 2010) . One of the reasons for increased fuel consumption is the increase in the tractive force, which, however, d id not occur in this study. The higher effective fuel consumption is justified by the reduction of the effective field capacity of the set during sowing.
The fuel consumption accounts for 30% of the hourly cost of an agricultural tractor and adequate tractor power can lead to a 20% reduction in fuel consumption (Gamero et al., 1986) .The use of the appropriate speed for loads below 65% of tractor power can save 15% to 30% on fuel consumption (Hertz, 1985) . Thus, considering the power used in the fertilization system in the pre-sowing that was higher than in sowing, there was lower specific fuel consumption for sowing in the pre-fertilization condition, indicating a better adaptation of the displacement speed of the tractor.
The front (FS) and rear slippage of the tractor (RS) was not affected by the fertilizat ion and intercropping systems (Table 4) , being in some treat ments, below the recommended standard for maximu m tract ion efficiencyslippage fro m 8 to 10% in non-mobilized soils and from 11 to 13% in mobilized soils (ASAE, 1989) . Low slipping values can occur due to over-ballasting or over-scaling of the machine, wh ich can increase working depth, pulling force and power in the drawbar (Lopes et al., 2010) .The FS was affected by the joint action of fertilizat ion systems and intercropping (Table 5 ).The data of the coefficient of variation for slippage are close to those verified by Chioderoli et al. (2010) , however, three t imes higher than the value reported by Furlani et al. (2004) under no-tillage system, which can be attributed to the different edaphoclimat ic conditions, as well as to the management of straw in the area in question. Due to the small vibrat ions presented by the coupling system of the sensor to the wheel, it may have caused small v ibrations, increasing the variation of the measurements.
The distribution efficiency of the tractor-seeder (Table 4) for co rn was not affected by the tested factors and interactions, whereas the seed distribution efficiency of the intercropped crops was verified only in the corn + Stizolobium deeringianum intercropping, which may be related to the seed being large, making both the vertical disc selection process of the tractor-seeder and the suction vacuum regulation d ifficult, even though the suction should be the same on all ro ws or with Stizolobium deeringianum and corn. : not significant (P> 0.05); *: significant (P≤0.05); **: significant (P≤0.01); CV: coefficient of variation (%).
Analyzing the interaction F versus C for FS (Tab le 5), we observed that this variable within each fertilization system does not differ in any intercropping. However, when analyzing each intercropping, for Stizolobium deeringianum in the fertilization system, at sowing, the FS was 53.81% h igher than the fertilization system in presowing. At sowing, as there is the presence of the furrow rod, there is greater resistance and consequently greater slippage in the front wheel of the tractor (Palma et al., 2010) . According to Santos et al. (2008) , the larger slip values may be related to the groove opening system fo r the fertilizer, wh ich is a rod type.
The longitudinal distribution of seedlings of crops intercropped with corn (Tab le 6) was altered for the failures and double spacing. For failures spacing, the highest values occurred in the intercropping with Stizolobium deeringianum, which is related to the seed distribution efficiency by the tractor-seeder (Table 4) , due to the larger size of the seed, making it difficult to adjust the vacuum system. In the double spacing, there were differences in the factors of fertilization and intercropping systems with Cajanus cajan, which is related to the s mall size of the seed, which must have filled an alveolus with two seeds. The factors and interactions tested (P> 0.05) d id not alter the longitudinal distribution for corn. : not significant (P> 0.05); *: significant (P≤0.05); **: significant (P≤0.01); CV: coefficient of variation (%).
The values obtained for normal distribution were below the capacity of the pneumatic seeder, wh ich should have as target 90% of normal spacing (Tourino et al., 2009; Melo et al., 2013; Weirich Neto et al., 2015) wh ich makes it possible to classify the quality of the seeder as good (75 to 90%) and bad for the crops (25 to 50%).
The percentage of failures spacing presented coefficient of variation (CV) similar to that obtained by Santos et al. (2011) and Arcoverde et al. (2016) that, even evaluating the longitudinal distribution of the pneumatic tractor-seeder at higher speeds, verified a high variability in the operation. In contrast, the CV fo r normal spacing allo ws to infer in low variability throughout the sowing process (Arcoverde et al., 2016) , not reaching the target due to the variability of the other indicators.
Thus, it is possible to classify the sowing process of the corn crop in this experiment as suitable, fro m the agronomic point of view, because the CV of the normal spacing is 25.4%. For the sowing process of intercroppin g crops, the process can be classified as below the min imu m expected goal of the operation, due to the high CV values.
CONCLUS IONS
The use of crop in intercropping with corn does not affect the implantation of the crop and does not increase the energy demand of the operation.
The pre-sowing fertilizat ion allows developing a greater displacement speed in the sowing operation, without affecting the unifo rmity of corn seed distribution, however, with a change in the distribution of the intercropping and distribution efficiency by the tractorseeder.
With the rise of the displacement speed in the sowing and of the effective field capacity, there is the increase of the required power and the decrease of the effective fuel consumption.
